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(54) COMPOSITE MICROPOROUS POLYOLEFIN FILM AND PROCESS FOR PRODUCING THE 
SAME 



(57) The present invention is related to a composite 
microporous polyolefin membrane having a high sepa- 
ration, a high flux and a high strength, comprising a 
microporous layer, b-layer, providing a reinforcing func- 
tion, the b-layer being stacked on at least one surface of 
a microporous layer, a-layer, providing a separate func- 
tion, wherein micropores in a-layer and b-layer are 
mutually interconnected inside of the layer and also 
between layers, thereby forming micropores connected 
from one surface of the membrane to the other surface 
thereof, and the ratio of the mean distance Da between 
microfibril bundles of micropores existing in a-tayer to 
the mean distance Db between microfibril bundles of 
micropores existing in b-layer is in the range of 
1 .3 ^ Db/Da ^ 15 , and furthermore all of the inner and 
the outer surfaces of the composite membrane and the 
surface inside of micropores are coated by a thin film of 
a hydrophilic copolymer. 



Fig. 1 




PnnieaDy Rank Xerox (UK) Business Services 
2 1 Z 1 7/3 4 



DOCID <EP 07409S2A1 I > 



EP 0 740 952 A1 

Description 

FIELD OF THE INVENTION 

5 This invention relates to a composite microporous polyolefin membrane, which is effectively used in ultra-filtration 

and precision filtration, and to a method of producing the same. Specifically, this invention relates to a composite micro- 
porous polyolefin membrane having a high separation capability and a high film strength, and comprising a micro- 
porous polyolefin layer, having a function of reinforcing the film strength, being bonded to at least one surface of a 
microporous polyolefin layer having the function of separation and to a method of producing the same. 

10 

DESCRIPTION OF THE PRIOR ART 

Microporous membranes are used in a wide variety of applications comprising industrial applications such as a 
treatment of industrial wastes, a treatment of processing water used in industrial applications, a production of ultrapure 
is water and the like, and air purification applications such as air filters, bag filters and the like. 

A large number of polymer materials have been studied and various membranes have been developed as materials 
for microporous membranes. For example, Japanese Patent Laid-Open Publication Sho.57-66114 discloses a polyeth- 
ylene porous hollow fiber membrane having a uniform microporous structure in the thickness direction of the mem- 
brane, wherein sliMike micropores comprising microfibrils oriented in the fiber lengthwise direction and knotted portions 
so of stacked lamella oriented in the thickness direction are stacked inside of membrane walls of hollow fiber membrane, 
and whereby one surface of the membrane is communicating with the other surface of the membrane. 

The membrane is manufactured by a melt forming of polyethylene followed by a further stretching of the formed 
body. In another word, a microporous membrane having the above-mentioned specific structure is formed by steps 
comprising, subjecting polyethylene to an annealing treatment after being formed under a specific spinning condition, 
25 forming crystals composed of stacked lamella (hereinafter referred to "stacked lamella") inside of membrane walls of 
the formed body, then stretching the formed body thereby increasing the distance between these lamella and promoting 
the growth of fibrils connecting each crystal of stacked lamella. The membrane having the above specific structure is 
characterized by that it has an excellent mechanical strength and is also high in safety because no solvent is used in 
the manufacturing process. 

30 However, the microporous polyolefin membrane thus obtained by the above-mentioned method has a structure 
wherein stacking structure of micropores is uniform in the thickness direction of the membrane. The data disclosed in 
the experiments show that the mean pore diameter of the membrane is 0.82 \im (measured by a mercury porosimeter), 
and the water permeability is 4.2/ /m 2 .hr.mmHg. Although the water permeability of the membrane is large, separation 
characteristic is not sufficient. 

35 Japanese Patent Publication Hei.3-70539 also discloses a hydrophilic microporous polyethylene membrane, as 
shown in Fig.4, covered by ethylene-vinyl alcohol copolymer. This membrane has a permeability of 1.1 to 
20.2//m 2 .hr.mmHg. However, this membrane has a 3 dimensionally meshed structure wherein overall micropores are 
uniform. Therefore, membranes having a higher separation capability does not necessarily have a sufficient permeabil- 
ity. For example, a membrane having a maximum pore diameter of 0.15 ^m obtained by the Bubble-Point method has 

40 a low permeability of 1 .1 #m 2 .hr.mmHg, and in the range of high separation capability, a sufficient permeability can not 
necessarily be obtained. 

Japanese Patent Publication Sho.62-44046, and Japanese Patent Laid-Open Publication Sho.62-269706 disclose 
an invention of composite hollow fiber membrane obtained by joining different layers having microporous structures. 
However, the air permeability of the membranes obtained by these inventions is shown to be 23,000 #m 2 .hr.0,5kg.crrf 
45 2 . This value may be sufficient enough when used as a membrane for gas filtration, but the water permeability of these 
films are expected to be extremely low, and therefore, these films are not suitable for a water treatment. 

SUMMARY OF THE INVENTION 

so To increase the water permeability of these microporous membranes, it is necessary to decrease the thickness of 
a porous membrane. However, the mechanical strength of the microporous membrane decreases when the membrane 
thickness is decreased. On the other hand, when the membrane thickness is increased, the mechanical strength of the 
membrane increases, but. in turn, the water permeability decreases. Therefore, the present inventors have discovered 
that a composite microporous membrane having a small decrease of membrane permeability of the membrane irre- 

55 spective to an increase of the membrane thickness can be provided to meet both requirements by providing a compos- 
ite micorporous membrane wherein a porous membrane being capable of separating particles of desired diameter is 
joined by a microporous membrane having micropores having larger diameters than the desired diameters by a prede- 
termined ratio. In another words, the present inventors have developed the present invention through intensive effort of 
study to obtain a microporous polyolefin membrane having a high separation capability (the diameter of particle that can 
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be separated is no less than 0.050 urn) and a high flux value (the speed of water permeation is not less than 0.5 
#m 2 .hr.mmHg, preferably not less than 0.8 #m 2 hr.mmHg, and more preferably not less than 1 #m 2 .hr.mmHg). 

The gist of the present invention is a composite microporous polyolefin membrane comprising microporous layer, 
b-layer, providing a function of reinforcing the mechanical strength of the membrane, the b-layer being bonded to at 

5 least one surface of microporous layer, a-layer, providing a separation function, wherein each a-layer and b-layer is 
composed of a stacked body of micropores comprising microfibril bundles oriented in the direction of stretching and 
knotted portion of stacked lamella being connected at both ends of the microfibril bundles, and wherein these micropo- 
res are forming interconnected channels that communicate between one surface and the other surface of the composite 
microporous membrane, and wherein the microfibril bundles and the knotted portions of the stacked lamella which com- 

io pose the micropores of said microporous membrane are coated by 3 to 30% by weight of hydrophilic polymer, and also 
wherein the mean distance Da between each microfibril bundle in the micropores existing in a-layer and the average 
distance Db between each microfibril bundle in the micropores existing in b-layer are such that the ratio of these two 
values is in the range of 1.3 s Db / Da ^ 15 . 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a cross sectional view of the composite microporous membrane obtained in example 1 under a trans- 
mission microscope, (magnification; 2900) 

20 Fig.2 shows a cross sectional view of the composite microporous membrane obtained in example 2 under a trans- 

mission microscope, (magnification: 2900) 

Fig. 3 shows a schematic diagram showing microporous polyolefin membrane obtained after an opening of pores 
by a melt stretching method. The numeral 1 refers to a microfibril, 2 refers to a stacked lamella, and 3 refers to a 
25 slit-like micropore. 

Fig. 4 shows a schematic diagram showing a hydrophilic microporous membrane of the present invention obtained 
after a hydrophilizing treatment of a precursor of a microporous polyolefin membrane that is subjected to an open- 
ing treatment by a melt stretching method. 1* refers to a microfibril bundle, 2' refers to a stacked lamella, and 3* 
30 refers to an elliptic micropore. 

Fig. 5 is a schematic diagram explaining a measuring method of a mean distance between microfibril bundles in a 
micropore. 

35 DETAILED DESCRIPTION OF THE INVENTION 

The microporous membrane of the present invention is in the range of 5 to 500 M m ' n thickness, and has a multi- 
iayered structure wherein the microporous layer, b-layer, providing a reinforcing function, is stacked on at least one sur- 
face of the microporous layer, a-layer, providing a separation function. The structure of the present invention may have 
ao a two-layered structure wherein b-layer is stacked on one surface of a-layer, or may have a three-layered structure 
wherein b-layer is stacked on both surfaces of a-layer. 

Both layers of a-layer and b-layer have micropores, wherein said micropores are oriented in the direction of stretch- 
ing, and furthermore, said micropores are mutually interconnected either within each layer of a-layer and b-layer, or 
inbetween both layers of a-layer and b-layer, thereby forming stacked and interconnected micropores communicating 
45 one surface of said composite microporous membrane with the other surface thereof. 

The micropore formed in a-layer comprises microfibril bundles oriented in the direction of membrane stretching and 
the knotted portions of stacked lamella oriented in the direction perpendicular to the direction of membrane stretching, 
wherein the opening between the microfibril bundles and said knotted portions is forming elliptic micropores. 

As for the size of micropores in a-layer, it is preferable to have the mean distance Da between each microfibril bun- 
so die in the range between 0.1 and 0.8 urn, and more preferably it is in the range between 0.3 and 0.5 tim. A good water 
permeability is obtained with the microporous membrane of the present invention having the mean distance Da of 0.3 
jim between each fibril bundles, and a good capability of blocking fine particles having diameters not more than 0.5 um, 
which indicates a membrane of a high separation is obtained. 

It is preferable to have the thickness of a-layer in the range between 0.5 and 20 »m. and it is more preferable to 
55 have the thickness in the range between 3 and 12 \*xn. When the thickness of a-layer becomes smaller than 0.5 urn, 
pin-holes tend to occur in a-layer. On the other hand, when the thickness of a-layer becomes larger than 20 um, the 
water permeability of the composite microporous membrane tends to become smaller. Furthermore, it is preferable to 
have the membrane thickness of a-layer not larger than 1/3 of the total membrane thickness, and when a composite 
microporous membrane having a larger membrane thickness is used the water permeability decreases drastically. 
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The microporous b-layer provides a reinforcing function by supporting the microporous a-layer which provides a 
separation function of the composite membrane. The b-layer, similarly to the a-layer, has a multi-layered structure of 
micropores oriented in the direction of membrane stretching, wherein said micropores are composed of microfibril bun- 
dles and the knotted portions of stacked lamella. As for the size of the micropores of b-layer, it is preferable to have the 

5 mean distance Da between each microfibril bundles in the range between 0.2 and 1 urn, and it is more preferable to 
have the mean distance in the range between 0.4 and 0.5 urn. When a composite microporous membrane having b- 
layer comprising micropores having Db less than 0.2 pm is used, the rate of water permeation tends to decrease. On 
the other hand, when Db is more than 1 nm, the mechanical strength of the composite microporous membrane having 
b-layer having micropores tends to decrease. 

w Furthermore, the mean distance Lb between each knotted portion of stacked lamella of b-layer is preferably in the 
range between 0.4 and 4.0 jim, and more preferably in the range between 0.7 and 2.0 nm. In a case of a composite 
microporous membrane having b-layer comprising micropores having Lb of less than 0.4 um, the rate of water perme- 
ation tends to decrease. On the other hand, in a case when Lb is more than 4.0 urn, the mechanical strength of the com- 
posite microporous membrane tends to decrease. 

75 In the present invention, it is necessary to have the ratio of Db and Da to be in the range of 1 .3 ^ Db / Da ^ 1 5 . In 
the case of a composite microporous membrane having the ratio of Db / Da less than 1 .3, it tends to be difficult to obtain 
a membrane with a high water permeability and a high separation intended to be achieved in the present invention. Fur- 
thermore, it tends to be difficult to manufacture a stable composite microporous membrane having the ratio of Db/Da 
larger than 15. 

20 In the composite microporous membrane of the present invention, the maximum pore diameter obtained by the 

Bubble-Point method is preferably in the range of 0.05 to 1.0 jim. In the case of a composite microporous membrane 
having a maximum pore diameter less than 0.05 ^m, the rate of water permeation tends to decrease, and when the 
maximum pore diameter becomes larger than 1.0 \im, the mechanical strength decreases. 

An advantage of the composite microporous membrane of the present invention is a characteristic of a high flux 

25 and a high separation because the microporous membrane has the above-mentioned composite structure. The criteria 
for bang high flux is to have the water permeability being not less than 0.5 llxx\ 2 .hr.mmHg, and more preferably not less 
than 1 #m 2 .hr.mmHg when the diameter of separated particles by the membrane of the present invention is. for exam- 
ple, the diameter of possible blocking that is not less than 0.050 urn. When the membrane is used in the range where 
the diameter of possible separation of particles by the composite microporous membrane is not less than 0.100 ^im, the 

30 water permeability is preferably not less than 2 llxr? hr.mmHg, and more preferably not less than 3 //m 2 hr.mmHg, and 
further preferably 5 #m 2 . hr.mmHg. Furthermore, when the membrane is used in the range wherein the diameter of pos- 
sible separation of particles by the composite microporous membrane is not less than 0.1 70 urn, the water permeability 
is preferably not less than 5 //m 2 hr.mmHg. 

Polymers such as polyethylene, polypropylen, poly-3-methytbutene, poly-4-methylpentene, polyvinyl idene fluoride 

35 alone or mixtures of copolymers thereof can be used. 

When the microporous membrane of the present invention is used in medical applications, materials having low 
content of soluble component in the membrane material and having blood compatibility is preferable. Furthermore, 
when the microporous membrane of the present invention is used in industrial applications, it is preferable to select 
materials so that it is possible to produce a membrane having good durability and mechanical property. 

40 The Ml (melt index) value of polyolefin used in the present invention and obtained by a measurement according to 
ASTM D-1238 is in the range between 0. 1 and 50, and is preferably in the range between 0.3 and 15. Polyolefin having 
Ml value less than 0.1 is difficult to be formed and a desired microporous membrane can not be obtained because its 
viscosity when melted is too high. On the other hand, with polyolefin having Mi value of more than 50, it is difficult to 
obtain a reliable forming because of its low viscosity when melted. 

45 Although the density of a polyolefin used in the embodiment of the present invention differs depending on each 
material to be used, it is preferable to use a polyethylene having a density not less than 0.95 g/cm 3 , and it is preferable 
to use polpropylene having a density not less than 0.91 g/cm 3 . 

During a process of producing the microporous membrane of the present invention, when the Ml value, Mia, of 
polyolefin used for making a-layer and the Ml value, Mlb, of polyolefin used for making b-layer are selected in such a 

so way as to have a condition of Mia < Mlb, the composite microporous membrane of the present invention can be 
obtained even in a case wherein the density, pa. of polyolefin used for the formation of a-layer and the density, pb. of 
polyolefin used for the formation of b-layer are roughly equal. 

On the other hand, when each polyolefin is selected in such a way as to have a condition of pa< pb, the composite 
microporous membrane of the present invention can be obtained even when Mia and Mlb are equal. 

55 When each polyolefin is preferably selected to satisfy both conditions of Mia < Mlb and pa< pb. the composite 
microporous membrane of the present invention can be produced efficiently. 

The mean distance between each microfibril bundle of the micropores in the present invention was measured by 
the following method. 



Initially insert a portion of 6 cm square from a 6500 times magnified picture of a sample being cut in a very thin sec- 
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tion in the direction of membrane stretching of the microporous membrane under a transmission electron microscope 
into the picture of CRT of an image processor (Fig.5 shows this picture). Scanning lines from 1st to nth line are drawn 
at a spacing of 0.05 2 um extending in the direction perpendicular to the direction of membrane stretching, and thereby 
all the way to the bottom portion of the inserted picture is covered. Exclude the portion indicated by a where the mean 

5 distance between each microfibril bundle can not be measured. Each distance of the section of the first fine passing 
through the pore portion, for example, the summation of a-| to a 5 is obtained. In the same manner, the summation of b<, 
to b 6 , for example, of the second tine is obtained. This process is repeated up to nth line to obtain, for example, the sum- 
mation of n 1 to ng. The value of total sum (total distance) is obtained from these values. The total number of micropores 
(total number) intersecting each line (in this example, 5 along the first line, 6 along the second line, 6 along the nth line) 

70 is obtained to calculate the mean distance Da, Db by dividing the total distance by the total number. 

The method to obtain the composite microporous membrane of the present invention comprises, initially making a 
precursor of a composite microporous membrane which is an intermediary, followed by subjecting to a coating treat- 
ment by using hydrophilic copolymer. Said precursor may be obtained by forming a membrane by using a composite 
spinning method followed by selecting a polyolefin that meets the above requirements. 

is When the composite microporous precursor is in a shape of a hollow fiber membrane, a nozzle having more than 
two tubular nozzles provided in a cocentrical manner is preferably used. 

The spinning temperature should not be less than the melting temperature of polyolefin (preferably 10 to 100 °C 
higher than the melting temperature). The extruded polymer is drawn at a reel speed of 0. 1 to 3 m/sec. in an atmos- 
phere at a temperature of 10 to 40 °C. The muli-iayered material obtained therefrom is subjected under an as-is condi- 

20 tion to a heat treatment to form stacked lamella or to a heat treatment at a temperature (preferably at a temperature 5 
to 50 °C lower than the melting temperature) not lower than the melting temperature of polyolefin, followed by being 
subjected to stretching to obtain openings in the mutti -layered body. The stretching is preferably done by a cold stretch- 
ing followed subsequently by a hot stretching. The cold stretching is a process wherein microcracks are induced 
between stacked lamella by causing a structural failure of the murti -layered body at a relatively low temperature. This 

25 cold stretching is preferably carried out in a temperature range between 0 °C and a temperature 50 °C lower than the 
melting point of the polyer. When polyolefin and polyethylene are used, this temperature for cold stretching is in the 
range between 0 and 80 °C, and preferably in the range between 10 and 50 °C. Furthermore, the cold stretching mag- 
nification is preferably from 5 to 1 00%. When this magnification is not more than 5%, the microcracks are not fully devel- 
oped and thus intended pore diameters are not easily obtained. On the other hand, when this magnification is not less 

30 than 100%, too many microcracks are developed and thus intended large pore diameters are not easily obtained in the 
supporting layer (b layer). 

The subsequent hot stretching is a process wherein the membrane is made into a microporous membrane having 
micropores of slit-like shape by enlarging microcracks developed in the multi layered body, followed by forming microfi- 
brils between stacked lamella. The hot stretching temperature should not be higher than the melting temperature of 
35 polyolefin, and the hot stretching should be carried exit at a temperature as high as possible. Furthermore, the hot 
stretching magnification may be appropriately selected for each intended pore diameter, and it may be in the range 
between 50 and 2000%, and it may preferably be in the range between 100 and 1000% to have a reliable production 
process. 

The membrane thus obtained is further subjected to a hot setting, wherein the membrane is kept under a constant 
40 length or under a slightly creeped condition, to have a dimensional stability of the precursor of microporous membrane. 
The temperature of the hot setting should not be less than the stretching temperature, and should preferably be not 
more than the melting temperature. 

The precursor of the muli- layered composite membrane thus obtained is further subjected to a process to render a 
permanent hydrophilic property. The hydrophilic copolymer used in the present invention may be composed of a copol- 
45 ymer having not less than 20% by mole of ethylene and not less than 10% by mole of hydrophilic monomer. Any type 
of copolymer selected from copolymers such as randomly oriented copolymer, biocked-copolymer and grafted -copoly- 
mer may be used. 

When the content of ethylene in the copolymer is less than 20% by mole, it is not preferable because the copolymer 
does not provide a sufficient affinity to the precursor, and whereby precursor can not be coated by the hydrophilic copol- 
so ymer at the ratio of 3 to 30% by weight for 100% by weight of precursor by immersing the precursor in a solution of 
hydrophilic copolymer. 

As for the hydrophilic monomer used in the process of copolymerlzation of the hydrophilic copolymer used in the 
present invention, vinyl compounds such as vinyl alcohol, (meta)acrylic acid and its salts, hydroxy lethyl(meta)acry late, 
polyethylenegrycol(meta)acrylic ester, vinylpyrrolidon - and acrylamide may be used. Any vinyl compounds may be 
55 used as long as more than one kind of hydrophilic monomer is contained, and vinyl alcohol may be preferably used as 
the monomer. The hydrophilic copolymer used in the present invention may contain a third component other than either 
ethylene or hydrophilic monomer, wherein said third component may be acetic vinyl, (meta)acrylic ester, vinyl alcoholic 
fatty ester, formal or butylar derivative of vinyl alcohol and the like. 

The amount of coating of the hydrophilye copolymer on the precursor of microporous membrane should be in the 
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range between 3 to 30% by weight in terms of precursor s weight. When said amount is less than 3% by weight, a suf- 
ficient hydrophilic property of the microporous membrane can not be obtained, and thereby water is insufficiently per- 
meated into the microporous membrane. On the other hand, when said amount exceeds 30% by weight, the micropores 
in the membrane tend to be clogged by the copolymer, whereby the permeability tends to be reduced. 

5 The solvent for the copolymer used in the present invention is preferably a water soluble organic solvent, compris- 

ing alcohols, such as methanol, ethanol, n-propanol, isopropylalchol. or dimethylsulphoxide, dimethyfformamide and 
the like. These solvents may be used alone, but they are more preferably used in a mixture with water because the mix- 
ture provides a higher solubility to a hydrophilic copolymer. A mixed solvent comprising water and alcohols having a 
boiling point less than 100 °C, such as methanol, ethanol.and isopropylalchol may be most preferably used thereby pro- 

10 viding ease of making an environment having solvent vapor used in the process of drying the microporous membrane 
covered by the hydrophilic copolymer, in another words, a low solvent vapor pressure, and consequently thereby pro- 
viding low toxicity to human beings. 

The mixing ratio of the water soluble solvent to water may be selected at any ratio as long as the permeability into 
the precursor is not impeded and the solubility of the copolymer is not decreased. It may depend on the type of copol- 

15 ymer used, and the ratio of ethanol to water is preferably in the range between 90/10 and 30/70 (% by volume) when 
ethanol is used as an organic solvent. 

The concentration of hydrophilic copolymer should be roughly in the range between 0.1 and 10% by weight, and it 
should preferably be in the range of 0.5 to 5% by weight. It is difficult to coat evenly with a hydrophilic copolymer when 
the precursor is treated by a solution having a concentration of less than 0.1% by weight. On the other hand, when the 

20 concentration is more than 10% by weight, the viscosity of the solution becomes too high, whereby micropores of the 
multi-layered membrane are clogged by the copolymer when the precursor is treated using said solution. As for the 
method of immersing the precursor in the hydrophilic copolymer solution, either method of immersing the precursor 
more than twice in a copolymer solution with the same concentration of copolymer or of immersing the precursor more 
than twice in a copolymer solution with different concentration of copolymer. 

25 It is preferable to have a higher temperature of the hydrophilic copolymer solution used in the immersion treatment, 

because a lower viscosity is obtained at a higher temperature, whereby the permeability of the solution into the precur- 
sor is increased, but it should be preferably below the boiling point of the solution from the safety point of view. 

The duration of the immersion treatment depends on such factors as the membrane thickness, the diameter of 
micropores and porosity of the precursor, and it is preferably in the range between a few seconds and a few minutes. 

30 After being immersed in the hydrophilic copolymer solution, and before being subjected to a drying treatment, the 
precursor needs to be subjected to a setting process after being left for at least 30 seconds in an atmosphere having 
not less than 3% by volume of the organic solvent vapor, and being set at a temperature between the room temperature 
and a temperature below the boiling point of said solvent. 

The objective of this treatment is to eliminate any clogging of micropores by a coating membrane being formed on 

35 the surface of microfibrils and knotted portions of the stacked lamella, both of these are composing the precursor. A fur- 
ther objective of this treatment is to form elliptic micropores by bundling microfibrils, thereby enlarging the slit-like micro- 
pores to increase the water permeability and to increase the affinity to the water to be treated. 

To prevent any formation of film coating on the surface of the precursor of hydrophilic copolymer during the setting 
process of the present invention, it is necessary to protect the surface of a precursor from a rapid drying. To achieve this 

40 objective, it is required to reduce the evaporation speed of the copolymer solution at the surface of precursor, and it is 
also required to keep the surface of precursor wet with the solvent. From this point of view, it is necessary to maintain 
the atmosphere of a setting process in such condition as to provide an atmosphere having a vapor of not less than 3% 
by volume of a water miscible solvent 

It is preferable to keep the evaporation speed of the solvent from the precursor during said setting process as low 

45 as possible, and it is preferable to keep the atmosphere of the setting process close to an atmosphere having a satu- 
rated vapor concentration of the solvent. Furthermore, to reduce the vaporization speed of the solvent at the surface of 
precursor, it is preferable to keep the setting temperature low. However, when the temperature is too low, an unfavorable 
phenomenon may occur wherein the solvent removal during the setting process may not proceed. Therefore, the tem- 
perature of said atmosphere should preferably be kept at not less than the room temperature and not more than the 

so boiling point of the water miscible solvent. 

The precursor after the immersion operation may be raised from the immersion bath into said atmosphere at a pref- 
erable angle ranging from 45° to 90°. By this raising process, some of the copolymer solution adhered to the precursor 
drips off due to its own weight. The amount of dripping depends on such factors as raising speed of the precursor form 
the immersion bath, the viscosity of immersion solution and the raising speed of the precursor from the surface of 

55 immersion bath. As a supplementary method to increase the effect of dripping during the setting process, guides or slits 
and the like may be employed to wipe off the solution from the surface of precursor. 

At least a duration of 30 seconds is required for this setting process. During this process, a condensation of copol- 
ymer solution due to the evaporation of solvent from the precursor and a homogenizing of the membrane through migra- 
tion at the surface of stacked lamella and microfibrils may be effectuated. Especially when precursor is subjected to a 
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continuous treatment using hydrophilic solution, it is required to keep the duration of this setting process for not less 
than 30 seconds. The duration of setting for less than 30 seconds results in insufficient condensation of the solvent by 
evaporation, whereby a condition may occur wherein the precursor is subjected to drying with an excess amount of 
solution b ing left on the precursor, which may cause the clogging of micropores by hydrophilic copolymer, and while 

5 the homogeneous setting of copolymer in the membrane structure being insufficient, thereby causing h difficult to obtain 
microporous membrane with a high water permeability and a high separation capability. 

Furthermore, the amount of solvent evaporation from the precursor, when the duration of setting is for 30 seconds, 
is preferably from roughly 15 to 30% of the used hydrophilic copolymer solution. 

As for a method of controlling the amount of solvent vaporization from the precursor during the setting process. 

io such method as controlling the temperature of atmosphere for setting and venting air or insert gas into said atmos- 
phere. 

Drying of the precursor after being subjected to a setting process may be effectuated by using any of known drying 
methods such as vacuum drying and hot air drying. The drying temperature may be at any temperature as long as the 
composite microporous membrane may not be deformed by the heat. For example, a composite microporous polyeth- 
75 ylene membrane may be preferably dried at a temperature not higher than 120 °C, and it may be most preferably dried 
at a temperature from 40 to 70 °C 

From the point of filtration capacity, the amount of adhesion of hydrophilic copolymer to the precursor of composite 
microporous membrane is roughly from 1 to 30% by weight, more preferably from 3 to 1 5% by weight of the weight of 
precursor of composite microporous membrane working as a substrata. 
20 The microfibrils (refer to Fig.3-1) in the precursor of microporous membrane are bundled together by this coating 
treatment by hydrophilic copolymer, thereby forming microfibril bundles (refer to Fig. 4-1") and the slit-like micropores 
(refer to Fig.3-3) transforming into elliptic micropores (refer to Fig.4-3 f ). 

The present invention is further explained in detail in the following examples. The various measurements and eval- 
uations used in the present examples were carried out according to the following methods. 

25 

1 . Gas detector (a commercial name of "Gastech Gas Detector") was used to measure the concentration of ethanol 
in the atmosphere. 

2. The coated amount of hydrophilic copolymer was calculated by using the following equation. 

Dried Membrane Weight After Hydrophilization Treatment - Dried Porous Membrane Weight of Precursor / Dried 
30 Porous Membrane Weight of Precursor x 100 

3. The water permeability was measured by using a miniature sized module having an effective surface area of 
from 70 to 90cm 2 , and thereby measuring the water permeability by permeating ion exchanged water at a pressure 
difference of 1 kg/cm 2 . 

4. The diameter of trapped particles by using standard latex particles was measured by the following method: 

35 Air trapped in a membrane was replaced by water based solution containing 0.1% by weight of surfactant (polyeth- 
ylenegrycol-p-isooctylphenylether) by using a module comprising a hollow fiber membrane with a surface area of 
roughly 50cm 2 . Then, polystylene latex particles were filtered, followed by measuring the concentration of the latex 
particles in the filtrate at the wave length of 320nm by using a spectrophotometer from Hitachi (U-3400), thereby 
the rate of trap was evaluated. 

40 5. Bubble Point Value (herein after referred to as "BP") was obtained by the following procedure. 

A hollow fiber membrane module having a surface area of roughly 50cm 2 was immersed in ethanol having a con* 
centration of not less than 50%, thereby completely immersing the hollow fiber membrane. The ethanol was sucked 
up in the amount of not less than 1 00m/ from the inside of the hollow fiber membrane so that the inside of the pores 
in the hollow fiber membrane become sufficiently wet by ethanol, followed by increasing the air pressure by each 

45 step of 0.1 kg/cm 2 at each time interval of 10 seconds by injecting nitrogen gas inside of the hollow fiber membrane 
while the membrane being immersed in the ethanol. Bubble Point Value was obtained as the pressure of nitrogen 
gas when the bubbling occurs roughly over the entire surface of the hollow fiber membrane, wherein the distance 
between each bubbling point is not more than 1mm. The mean pore diameter by using this Bubble Point Value was 
calculated by the following equation. 

so 

P=2 a cos e/r 



where: 



55 P: pressure (Bubble Point value) 

a: surface tension of ethanol 

0: contact angle between ethanol and membrane 

r: mean radios of micropores 
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6. The porosity of the membrane was measured by using a mercury porosimeter model 221 from CarloElva. 

7. The mean distance between each microfibril bundle in micropores was measured by the above-mentioned 
method. 

8. The mean distance La or Lb between each knotted portion formed by stacked lamella and microfibril bundles in 
s the micropores of a-layer and b-layer, respectively, was calculated by using the same method (however, the 

scanned direction was along the membrane stretching direction and the pitch was 0.0045 jim) used for the meas- 
urement of the mean distance between each microfibril bundles in the micropores. 

EXAMPLE 1 

10 

64% by weight of a high density polyethylene having a melt index (Ml) of 5.5 and a density of 0.968g/cm 3 (Hizex 
2200 J, from Mitsui Oil & Chemical Co., Ltd.), 21% by weight of a high density polyethylene having a Ml value of 0.35 
and a density of 0.968g/cm 3 (BU004N, from Mitsubishi Chemicals Co., Ltd) and 15% by weight of a low density poly- 
ethylene having a Ml value of 8.0 and a density of 0.920g/cm 3 (Ultzex 20200 J t from Mitsui Oil & Chemical Co., Ltd.) 

75 were hot mixed by using a twin screw extruder at a temperature of 1 80 °C to obtain a blended polymer having a Ml value 
of 5.2 and a density of 0.961 g/cm 3 . 

This blended polymer was used as a polymer to form a-layer, and the above-mentioned high density polyethylene 
having a Ml value of 5.5 and a density of 0.968g/cm 3 was used as a polymer to form b-layer, whereby these polymers 
were melt-spinned by using a nozzle for manufacturing hollow fibers at a temperature of 158 °C and at a reel speed of 

20 80m/min, wherein the nozzle has two tubular nozzles provided in a concentric manner. In this case, said blended poly- 
mer and said high density polyethylene were extruded from the outer nozzle and the inner nozzle, respectively, under 
a condition where these polymers were extruded at an extrusion ratio of 1/5, at a line speed of 3.01 cm/min., and at a 
draft ratio of 2560. Furthermore, the composite hollow fiber before stretching was obtained by reeling up the extruded 
fiber from the nozzle while a cooling air having a temperature of 20 °C and air speed of 3.0m/sec. being blown uniformly 

25 around the fiber. 

The hollow fiber thus obtained before stretching was subjected to an annealing treatment for 12 hours while being 
set at a constant length in an atmosphere kept at 1 1 5 °C. A precursor of composite microporous hollow fiber membrane 
was obtained by cold-stretching the annealed fiber by 80% while subjecting the fiber to a roller kept at 30 °C. and sub- 
sequently hot-stretching the cold-stretched fiber so that the total amount of stretching becomes 400% in a roller in an 

30 oven kept at 108 °C, and further subjecting to a hot setting thereby relieving the stretching by 25% of the total amount 
of stretching in a hot chamber kept at 1 15 °C. 

Then, 1.8% by weight of ethylene -vinyl alcohol copolymer having an ethylene content of 32% by mole (Soanol 
DC3203, from Japan Synthetic Chem. * s Co., Ltd.) was dissolved in a solution having a ratio of ethanol/water=40/60% 
by volume, thereby a solution having a hydrophilic copolymer was prepared. The above-mentioned precursor was 

35 immersed in the solution thus obtained for a duration of 150 seconds, followed by being raised, then a part of the 
hydrophilyzing solution being extensively adhered on the surface of said composite hollow fiber was ringed off by a 
guide. Furthermore, the precursor was raised at a rising angle of 90 ° in an atmosphere having an ethanol vapor con- 
centration of 40% by volume and a temperature of 60 °C, thereby uniformly coating the inner surface of micropores of 
the precursor by the hydrophilyzing solution while the precursor being left still for a duration of 360 seconds, followed 

40 by drying the solution by a hot air having a temperature of 60 °C. The coating rate of ethylene-vinyl alcohol copolymer 
on the hydrophlilyzed hollow fiber membrane thus obtained was 8.7% by weight 

When the composite microporous hollow fiber membrane thus obtained was examined under a transmission elec- 
tron microscope, both outer and inner surfaces, and also the surface of micropores of said composite micropores hollow 
fiber membrane were uniformly coated by a thin film of ethylene-vinyl alcohol copolymer. The mean distance between 

45 each ftoril bundle of micropores in the inner layer (b-layer) was 0.33 pm, and that of micropores in the outer layer fa- 
layer) was 0.17 jim. The ratio of Db/Da of the same membrane was 1 .94, and the thickness of the outer layer providing 
the separation function was 10 urn. Fig. 1 shows a photo of the membrane thus obtained under a transmission electron 
microscope, and Table 1 shows the membrane characteristics of the membrane thus obtained. 

so EXAMPLE 2 

67% by weight of a high density polyethylene having a density of 0.968g/cm 3 and a Ml value of 0.35 (BU004F, from 
Mitsubishi Chemicals Co.. Ltd.) and 33% by weight of a high density polyethylene having a density of 0.962g/cm 3 and 
a Ml value of 0.35 (BT004 from Mitsubishi Chemicals Co.. Ltd.) were blended while being melted by a twin blade 
55 extruder at a temperature of 180 °C. thereby a blended polymer having a density of 0.966g/cm 3 and a Ml value of 0.35 
was obtained. 

Then, the blended polymer was melt spinned from a nozzle for manufacturing hollow fibers having two tubular noz- 
zles provided in a concentric manner at a extrusion temperature of 180 °C and at a reel speed of 35m/min. to provide 
a polymer for a-layer and while above-mentioned high density polyethylene having a density of 0.968g/cm 3 and a Ml 
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calue of 0.35 was extruded to prove a polymer for b-layer. The blended polymer was extruded form the outer nozzle and 
the above-mentioned high density polyethylene was extruded, respectively, at a extrusion ratio of 1/5, at a total extru- 
sion volume of 7.5 cc/min. nozzle, at an extrusion line speed of 57cm/min., and at a draft ratio of 75 A composite hollow 
fiber before stretching was obtained by reeling up the fiber by uniformly subjecting the surface of the fiber being 

5 extruded from the nozzle to a cooling air having a temperature of 20 °C and an air speed of 0.5 m/sec. 

The hollow fiber thus obtained was subjected to a heat treatment for a duration of 16 hours in a air having a tem- 
perature of 125 °C while the hollow fiber remaining on a bobbin. The annealed fiber was further subjected to a cold 
stretching of 16% in rollers kept at 30 °C t followed by being subjected to hoi stretching in rollers in a oven kept at 1 19 
°C to have the total stretching of 400%. The annealed f toer was further subjected to a heat setting at a constant length 

10 in a oven kept at 123 °C to have a tow layered precursor of composite microporous hollow fiber membrane. 

Then, 2.0% by wight of ethylene-vinyl alcohol copolymer having an ethylene content of 32% by mole (Soanol 
DC3203, from Japan Synthetic Chemicals Co.. Ltd.) was dissolved in a solution having a ratio of ethanol/water-40/60% 
by volume, thereby a solution having a hydrophilic copolymer was prepared. The above-mentioned precursor was 
immersed in the solution thus obtained for a duration of 30 seconds, followed by being raised, then a part of the 

15 hydrophilyzing solution being extensively adhered on the surface of said precursor was wringed off by a guide. Subse- 
quently, the precursor was raised at a rising angle of 90° in an atmosphere having an ethanol vapor concentration of 
40% by volume and a temperature of 60 °C, while uniformly coating the inner surface of micropores of the precursor by 
the hydrophilyzing solution while the precursor being left still for a duration of 80 seconds, followed by drying the solu- 
tion by a hot air having a temperature of 70 °C. The coating rate of ethylene-vinyl alcohol copolymer on the hydrophlilic 

20 hollow fiber membrane thus obtained was 1 0.5% by weight. 

When the composite microporous hollow fiber membrane thus obtained was examined under a transmission elec- 
tron microscope, both outer and inner surfaces, and also the surface of micropores of said composite microporous hol- 
low fiber membrane were uniformly coated by a thin film of ethylene-vinyl alcohol copolymer. The mean distance 
between each f bril bundle of micropores in the inner layer (b-Iayer) was 0.54 ^m, and that of micropores in the outer 

25 layer (a-layer) was 0.35 [im. The ratio of Db/Da of the same membrane was 1 .54, and the thickness of the outer layer 
providing the separation function was 8 urn. Fig. 2 shows a photo of the membrane thus obtained under a transmission 
electron microscope, and Table 1 shows the membrane characteristics of the membrane thus obtained. 

EXAMPLE 3 

30 

By using a nozzle for manufacturing hollow fibers having three tubular extrusion nozzles provided in a concentric 
fashion, a high density polyethylene having a density of 0.965g/cm 3 and a Ml value of 0.9 (HY01. from idemitu Oil & 
Chemical Co., Ltd.) to be formed into a-layer was extruded from the middle extrusion nozzle at an extrusion rate of 
0.375g/min.. and a high density polyethylene having a density of 0.968g/cm 3 and a Ml value of 5.5 (Hizex 2200 J) to be 

35 formed into b-layer was extruded from both an outermost and an innermost extrusion nozzle at an extrusion rate of 
7.5g/min. The temperature of extrusion was 160 °C and the reel speed was 100m/min. 

The hollow fiber thus obtained before stretching was subjected to a heat treatment for a duration of 12 hours in an 
air having a temperature of 1 1 5 °C while the hollow fiber being left on a bobbin. The heat treated fiber was further sub- 
jected to a cold stretching by 80% in rollers kept at a temperature of not more than 30 °C, subsequently followed by 

40 being subjected to hot stretching in rollers in a oven kept at 107 °C to have a total stretching of 400%. The fiber thus 
obtained was further subjected to a hot setting thereby relieving the stretching by 225% of the total amount of stretching 
in an oven kept at 1 20°C to have a multi-layered precursor of composite microporous membrane. 

16 threads of the precursor of composite microporous membrane thus obtained were bundled. The bundle was 
then immersed for 30 seconds in a solution having 1 .8% by weight (solvent alcohol/water= 75/25% by volume) of ethyl- 

45 ene-vinyl alcohol copolymer (ethylene content was 44% by mole), followed by wringing off a part of the copolymer solu- 
tion excessively adhered on a surface of said multilayered composite membrane by a ceramic guide. Furthermore, said 
muttilayered membrane was raised at a rising angle of 90 ° in an atmosphere having an ethanol vapor concentration of 
40% by volume and a temperature of 60 °C, while the membrane being left for a duration of 80 seconds, followed by 
drying the solution by a hot air having a temperature of 55 °C, to continuously obtain hydrophilized microporous mem- 

50 brane. 

The membrane characteristics of the membrane thus obtained are shown in Table 1 
EXAMPLE 4 

£5 A hydrophilic microporous membrane was obtained in a condition similar to that of example 1 except that the hot 
stretching was carried out at a temperature of 1 13°C. 

The membrane characteristics of the membrane thus obtained are shown in Table 1 
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EXAMPLE 5 

By using a nozzle for manufacturing hollow ffoers having two tubular nozzles provided in a concentric manner, a 
high density polyethylene having a density of 0.968g/cm 3 and a Ml value of 5.5 (Hizex 2200 J, from Mitsui Oil & Chem- 

s ical Co.. Ltd.) to be formed into b-layer was extruded from an outer nozzle and a polyethylene having a density of 
0.960g/cm 3 and a Ml value of 0.9 (Nissan 2010, from Nissan Chemical Co,- Ltd.) to be formed into a-layer was extruded 
from an inner nozzle at an extrusion ratio of 10/1, at an extrusion line speed of 5.3cm/min., at a draft ratio of 3860 and 
at an extrusion temperature of 1 70 °C. A composite hollow fiber before stretching was further obtained by reeling up the 
extruded fiber from the nozzle at a reel rate of 205 m/min. while a cooling air having a temperature of 16 °C and an air 

io speed of 1 .Orn/sec. being blown uniformly around the fiber. 

The hollow fiber thus obtained before stretching was subjected to an annealing treatment for 12 hours while being 
kept at a constant length in an atmosphere heated to a temperature of 1 15 °C. A precursor of composite microporous 
hollow fiber membrane was obtained by a cold stretching of the annealed fiber by 80% while subjecting the fiber to a 
roller kept at 30 °C, and followed by a hot stretching of the cold-stretched fiber so that the total amount of stretching 

is becomes 350% and by further subjecting to a hot setting at a constant length for 1 minute in a oven heated to 1 15 °C 
A hydrophlyzing treatment was carried out on the precursor under the same conditions used in example 1 . 
The membrane characteristics of composite microporous hollow fiber membrane are shown in Table 1 . 

EXAMPLE 6 

20 

70% by weight of a high density polyethylene having a Ml value of 0.25 and a density of 0.961 g/cm 3 (6300, from 
Toso Co., Ltd.). 30 % by weight of a low density polyethylene having a Ml value of 0.20 and a density of 0.957g/cm 3 
(6200, from Toso Co., Ltd.) were hot mixed by using a twin screw extruder at a temperature of 200 °C to obtain a 
blended polymer having a Ml value of 0.23 and a density of 0.959g/cm 3 . 

25 This blended polymer was used as a polymer to form a-layer, and the above-mentioned high density polyethylene 
having a Ml value of 0.25 and a density of 0.96lg/cm 3 was used as a polymer to form b-layer. whereby these polymers 
were melt spinned through a nozzle having two tubular nozzles provided in a concentric manner at a temperature of 
200 °C and at a reel speed of 35m/min. 

In this case, said blended polymer and said polyethylene having a density of 0.961 g/cm 3 was extruded from an 

30 outer nozzle and an inner nozzle, respectively, at a condition where these polymers were extruded at an extrusion ratio 
of 1/6. at an extrusion line speed of 57cm/min., and at a draft ratio of 75. Furthermore, a composite hollow fiber before 
stretching was obtained by reeling up the extruded fiber from the nozzle while a cooling air having a temperature of 30 
°C and air speed of 0.5m/sec. being blown uniformly around the fiber. 

The hollow fiber thus obtained before stretching was subjected to an annealing treatment, a stretching treatment, 

35 and hydrophilyzing treatment under the same condition as that of example 2, to obtain a composite microporous hollow 
fiber membrane. 

The membrane characteristics of a microporous hollow fiber membrane thus obtained are shown in Table 1 . 
EXAMPLE 7 

40 

By using the same nozzle as that of example 4, polypropylene having a density of 0.91 g/cm 3 and a Ml value of 1 .0 
was extruded to provide a polymer forming b-layer as an inner layer, and a high density polyethylene having a density 
of 0.965g/cm 3 and a Ml value of 0.9 was extruded to provide a polymer forming a-layer as an outer layer, at an extrusion 
rate of 1 1g/min. for the inner layer and at an extrusion rate of 22.5g/min. for the outer layer, respectively. An extrusion 

45 temperature of 210 °C and a reel speed of 30m/min. were employed. A precursor of a composite microporous mem- 
brane was obtained after a heat treatment and a stretching treatment under the same conditions as those of example 
1 except for the aforementioned conditions. 

16 threads of the precursor thus obtained were bundled. The bundle was then immersed for 30 seconds in a solu- 
tion having 1 .8% by weight (solvent alcohol/water=75/25% by volume) of ethylene-vinyl alcohol copolymer (ethylene 

so content was 32% by mole) at a temperature of 70 °C, followed by wringing off a part of the copolymer solution being 
excessively adhered on the surface of said multi layered composite membrane by using a ceramic guide. Furthermore, 
said multilayer ed membrane was raised at a rising angle of 90° in an atmosphere having an ethanol vapor concentration 
of 40% by volume and a temperature of 60 °C. while the membrane being left for a duration of 360 seconds, followed 
by drying the solution by a hot air having a temperature of 55 °C. to obtain a continuously hydrophylized composite 

55 microporous hollow fiber membrane. 

The membrane characteristics of the membrane thus obtained are shown in Table 1 . 
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EXAMPLE 8 

A composite microporous hollow fiber membrane was obtained under the same conditions as those of example 2 
except that a blending ratio of BU004F:BT004=50:50 % by weight was employed for the blended polymer. The mem- 
5 brane characteristics of the membrane thus obtained are shown in Table 1 . 

EXAMPLE 9 

A composite microporous hollow fiber membrane was obtained under the same conditions as those of example 2 
w except that a blending ratio of BU004F:BT004=33:67 % by weight was employed for the blended polymer. The mem- 
brane characteristics of membrane thus obtained are shown in Table 1 . 

EXAMPLE 10 

rs A composite microporous hollow fiber membrane was obtained under the same conditions as those of example 2 
except that an extrusion ratio of the outer layer and the inner layer of 1/4 during a spinning and the total extrusion rate 
of 3. Occ/min. nozzle were employed. 

COMPARISON 1 

20 

By using a nozzle for manufacturing hollow fibers having a single tubular nozzle, a high density polyethylene having 
a density of 0.968g/cm 3 and a Ml value of 5.5 was extruded at an extrusion rate of 7.8g/min. The extrusion temperature 
was 160 °C, and a reel speed of 100m/min. was employed. 

The hollow fiber thus obtained before stretching was subjected to a heat treatment for a duration of 12 hours in an 

25 air having a temperature of 1 1 5 °C while the hollow fiber remaining on a bobbin. The heat treated fiber was further sub- 
jected to a stretching of 80% in rollers kept at a temperature of not more than 30 °C. followed by being subjected to a 
hot stretching in rollers in a oven heated to a temperature of 95 °C to have the total stretching of 300%. The heat treated 
hollow fber was further subjected to a hot setting while the stretching being at 25% less than the total stretching in a 
oven heated to 120 °C to have a porous membrane. 

30 A hydrophilyzing treatment was employed in the same manner as that of example 1 . 

The membrane characteristics of microporous hollow fiber membrane thus obtained are shown in Table 1 . 

COMPARISON 2 

35 A microporous hollow fiber membrane was obtained in the same manner as that of example 1 except that a stretch- 
ing temperature of 107 °C was employed. The membrane characteristics of the microporous membrane thus obtained 
are shown in Table 1. 

COMPARISON 3 

40 

A microporous membrane was obtained in the same manner as that of comparison 1 except that a total stretching 
of 400% and a temperature of 1 10 °C were employed. 

The membrane characteristics of the microporous membrane thus obtained are shown in Table 1 . 
45 COMPARISON 4 

By using a nozzle similar to that of comparison 1 , polypropylene having a density of 0.91 g/cm 3 and a Ml value of 
1 .0 was extruded at an extrusion rate of 9.0g/min. and at an extrusion temperature of 200 °C, and a reel speed of 580 
m/min. was employed. 

so The hollow fiber thus obtained before stretching was subjected to a cold stretching by 26% in rollers kept at a temper- 
ature of not more than 30 °C, followed by a hot stretching in rollers in a oven heated to 140 °C to have a total stretching 
of 122%. 

The heat treated fiber was further subjected to a hot setting while the stretching being 22% less than the total stretching 
in a oven heated to 143 °C to have a precursor of microporous membrane. 
55 The same hydrophilyzing treatment as that of example 1 was employed. The membrane characteristics of microporous 
membrane thus obtained are shown in Table 1 . 
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FIELD OF INDUSTRIAL APPLICATIONS 

As explained in detail herein above, the microporous membrane of the present invention is a hydrophilic composite 
microporous membrane having a high separation, a high flux, a high membrane strength and a permanent hydrophilic 
s characteristic. Furthermore, a layer having mainly micropores to provide a separation function can be provided at any 
position along the cross section of the membrane, thereby making the membrane suitable for filtration of various solu- 
tions that needs to be treated. 
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Claims 

1. A composite microporous polyolefin membrane, wherein microporous b-layer providing a reinforcing function is 
bonded to at least one surface of microporous a-layer providing a separation function, and wherein each layer of a- 

5 layer and b-layer comprises a multilayered body having elliptic micropores further comprising a plurality of microfi- 

bril bundles and knotted portions of stacked lamella connected at both ends of microfibril bundles, said micropores 
being interconnected from one surface to the other surface of said composite microporous membrane, said micro- 
fibril bundles and said knotted portions of stacked lamella forming micropores of said microporous membrane 
being coated by from 3 to 30% by weight of a hydrophilic copolymer per 1 00% by weight of a precursor of said com- 

io posite microporous membrane, and the ratio of a mean distance Da between said microfibril bundles in micropores 
existing in a-layer to a mean distance Db between said microfibril bundles in micropores existing in b-layer being in 
the range of 1.3 ^ Db/Da ^ 15 . 

2. A composite microporous polyolefin membrane of claim 1 , wherein said mean distance Db between microfibril bun- 
is dies in said micropores existing in said b-layer is from 0.2 to 1 .0 ^m. 

3. A composite microporous polyolefin membrane of one of claims 1 or 2, wherein said mean distance Lb between 
said knotted portions of stacked lamella existing in said b-layer is from 0.4 to 4.0 \im. 

20 4. A composite microporous polyolefin membrane of claim 1 , wherein said maximum pore diameter obtained by the 
Bubble Point method is from 0.05 to 1 .0 urn. 

5. A composite microporous polyolefin membrane of claim 1 , wherein said hydrophilic copolymer is a copolymer of an 
ethylene-vinyl alcohol type. 

25 

6. A composite microporous polyolefin membrane of claim 4. wherein a copolymer having from 20 to 90% by mole of 
unit ethylene, from 10 to 80% by mole of unit vinyl alcohol and not more than 50% of other unit monomer is used 
as said hydrophilic copolymer. 

30 7. A composite microporous polyolefin membrane of any one of claims 1 through 5, wherein said composite micropo- 
rous polyolefin membrane is a hollow fiber membrane having an inner diameter of 5 to 5000 pm and a total mem- 
brane thickness of 5 to 500 Mm while said membrane thickness of said a-layer being not less than 0.5 pm and not 
more than 1/3 of said total membrane thickness. 

35 8. A method of producing a composite microporous polyolefin hollow fiber membrane, comprising the steps of: 

stretching a composite membrane obtained by a composite melt spinning after supplying polyolefin having a melt 
index value of Mlb to form a microporous layer, b-layer, providing a reinforcing function to at least one of nozzles 
for manufacturing hollow fibers, the nozzle having not less than two tubular nozzles provided in a concentric man- 
ner; 

40 supplying polyolefin having a melt index value of Mia to form a microporous layer, a-layer, providing a separation 
function to a nozzle disposed at either one side or in the middle of a nozzle provided for b-layer, wherein Mia and 
Mlb are in a relationship of Mla<Mlb; whereby both a-layer and b-layer comprise a layered body of slit-like micro- 
pores further comprising a number of microfibrils and knotted portions of stacked lamella connected at both ends 
of said microfibrils; 

45 immersing a hollow-fiber-membrane-like precursor having said micropores interconnected from one surface of said 
membrane to the other surface thereof in an organic solution obtained by solving a hydrophilic copolymer in an 
organic solvent; 
raising said precursor; 

leaving for not less than 30 seconds in an atmosphere having 3% by volume of the vapor of said organic solvent 
so and having a temperature between a room temperature and not more than the boiling point of said organic solvent; 
then subjecting to a drying; thereby obtaining a hollow fiber membrane having said knotted portions of stacked 
lamella and said microfibril bundles coated by 3 to 30% by weight of a hydrophilic copolymer per 100% by dried 
weight of said precursor. 

55 9. A method of producing a composite microporous polyolefin hollow fiber membrane, comprising the steps of: 

stretching a composite membrane obtained by a composite melt spinning after supplying polyolefin having a den- 
sity of pb to form a microporous layer, b-layer, providing a reinforcing function to at least one of nozzles for manu- 
facturing hollow fiber fibers, the nozzle having not less than two tubular nozzles provided in a concentric manner; 
supplying polyolefin having a density of pa to form a microporous layer, a-layer, providing a separation function to 
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a nozzle disposed at either one side or in the middle of a nozzle provided for b-layer,wherein pa and pb are in a 
relationship of pa< pb; 

whereby both a-layer and b-layer comprise a layered body of slit-like micropores further comprising a number of 
microfibrils and knotted portions of stacked lamella connected at both ends of said microfibrils; 
immersing a hollow-fiber-membrane-like precursor having said micropores interconnected from one surface of said 
membrane to the other surface thereof in an organic solution obtained by solving a hydrophilic copolymer in an 
organic solvent; raising said precursor; 

leaving for not less than 30 seconds in an atmosphere having 3% by volume of the vapor of said organic solvent 
and having a temperature between a room temperature and not more than the boiling point of said organic solvent; 
then subjecting to a drying; thereby obtaining a hollow ffc>er membrane having said knotted portions of stacked 
lamella and said microfibril bundles coated by 3 to 30% by weight of a hydrophilic copolymer per 100% by dried 
weight of said precursor. 

10. A method of producing a composite microporous polyolefin hollow fiber membrane, comprising the steps of: 
stretching a composite membrane obtained by a composite melt spinning after supplying polyolefin having a den- 
sity of p b and a melt index of Mlb to form a microporous layer, b-layer, providing a reinforcing function to at least 
one of nozzles for manufacturing hollow fibers, the nozzle having not less than two tubular nozzles provided in a 
concentric manner; 

supplying polyolefin having a density of pa and a melt index of Mia to form a microporous layer, a-layer, providing 
a separation function to a nozzle disposed at either one side or in the middle of a nozzle provided for b-layer, 
wherein pa, Mia, pb and Mlb are in relationships of pa< pb and Mla<Mlb, respectively; 

whereby both a-layer and b-layer comprise a layered body of slit-like micropores further comprising a number of 
microfibrils and knotted portions of stacked lamella connected at both ends of microfibrils; 

immersing a hollow-fiber-membrane-like precursor having said micropores interconnected from one surface of said 
membrane to the other surface thereof in an organic solution obtained by solving a hydrophilic copolymer in an 
organic solvent; 
raising said precursor; 

leaving for not less than 30 seconds in an atmosphere having 3% by volume of the vapor of said organic solvent 
and having a temperature between a room temperature and not more than the boiling point of said organic solvent; 
then subjecting to a drying; 

thereby obtaining a hollow fiber membrane having knotted portions of stacked lamella and microfibril bundles 
coated by 3 to 30% by weight of a hydrophilic copolymer per 100% by dried weight of said precursor. 

11. A method of producing a composite microporous polyolefin hollow fiber membrane of either one of claims 8 to 10, 
wherein said hydrophilic organic solvent or a mixture of said hydrophilic organic solvent and water is used as said 
organic solvent. 

12. A method of producing a composite microporous polyolefin hollow fiber membrane of claim 11, wherein alcohol 
having a boiling temperature of not more than 100 °C is used as said hydrophilic organic solvent. 

13. A composite microporous polyolefin hollow fiber membrane obtained by either one of methods set forth in claims 8 
through 1 0, wherein the ratio of said mean distance Da between said microfibril bundles of said micropores in said 
a-layer to said mean distance Db between said microftoril bundles of said micropores in said b-layer is in the range 
of 1.3 ^ Db/Da ^ 15. 

14. A composite microporous polyolefin hollow fiber membrane obtained by either one of methods set forth in claims 8 
through 10, wherein said mean distance Db between said microfibril bundles of said micropores in said b-layer is 
from 0.2 to 1 *im. 



1 5. A composite microporous polyolefin membrane of claim 1 , wherein said diameter of blokable particles is not less 
than 0.050 *im and the rate of water permeation is not less than 0.5 //m^hrmmHg. 
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